SUMMARY The aims of this study were to introduce a novel electronic system for reliable evaluation of the non-functional tooth contact in patients with temporomandibular disorders (TMDs) and investigate the possible associations between the non-functional tooth contact and some characteristics of the patients with TMD. We designed and installed a software program to send emails regarding the non-functional tooth contact to the subjects' preregistered cellular phones at intervals of 20 AE 9 min daily for 10 consecutive days. Twelve patients with TMD and 12 genderand age-matched healthy subjects responded via emails to one of 3 choices: no tooth contact, tooth contact during oral functions or tooth contact not associated with oral functions. The influence of subjective stress, anxiety, depression, personality and daily activities on tooth contact was then assessed. The frequency of the non-functional tooth contact was significantly higher in the patients with TMD than in the healthy subjects (35Á0% vs. 9Á6%, P < 0Á001), while no significant group difference was found for the frequency of functional tooth contact, the stress, anxiety, depression and personality.
Introduction
Parafunctional activities such as sleep bruxism and daytime clenching are considered aetiological factors for temporomandibular disorders (TMDs) (1) (2) (3) (4) . Especially, non-functional tooth contact during daytime has recently drawn attention because of its extremely high prevalence in patients with TMD. Sato et al. (5) , who named the condition, described it as 'to constantly touch the upper and lower teeth lightly without clenching forcefully'. Therefore, the nonfunctional tooth contact involves tooth contact with minimum occlusal forces. Sato et al. (5) noted the habit in 52Á4% of their patients with TMD. A similar rate was reported by researchers who investigated the frequency of non-functional tooth contact in patients with myogenous pain or TMDs (6, 7) . These findings are important because they suggest long-lasting nonfunctional tooth contact, even if not forceful clenching and can affect the masticatory system in various ways, as seen in daytime and night-time clenching and grinding (8) .
The non-functional tooth contact is mainly diagnosed by self-reports of patients through interviews and questionnaires, because of the lack of objective methods for evaluation. The reliability of self-reported data is considerably limited by the patients' understanding of their unconscious behaviour. To demonstrate a causal relationship between the non-functional tooth contact and TMDs, reliable evaluations of the non-functional tooth contact are necessary. To the best of our knowledge, only Chen et al. (7) quantified the frequency of non-functional tooth contact in patients with muscle pain by using a specially designed device and showed a significant association between the habit and muscle pain. In this study, we aimed to introduce a novel electronic system for reliable evaluation of the non-functional tooth contact in patients with TMD and investigate the possible associations between the nonfunctional tooth contact and some characteristics of the patients with TMD.
Materials and methods

Subjects
The study involved 12 patients with TMD (three men and nine women; mean age, 30Á3 AE 7Á0 years) and 12 age-and gender-matched healthy subjects (two men and 10 women; mean age, 34Á1 AE 9Á0 years). The patients with TMD were enrolled from among those who presented at the TMD Clinic of Showa University Dental Hospital between June 2009 and January 2010 with signs and symptoms of TMDs. Their inclusion criteria were age of 20 years or older and diagnosis of a TMD (myofascial pain with or without limited opening, disk displacement with or without reduction and arthralgia or osteoarthritis) according to the Research Diagnostic Criteria for TMD Axis I (9). Six patients had both disk displacement and arthralgia, four had myofascial pain and arthralgia, one had arthralgia only and one had myofascial pain only.
The healthy subject group was established according to the following criteria: (i) free of pain in oro-facial region, (ii) free of no difficulty in mouth opening (>3 fingers), (iii) free of occlusal abnormality and (iv) free of joint sounds. The healthy subjects were recruited from friends, university staff and students; they had to be aged 20 years or older, in good general health.
For both the groups, those who had (i) pain due to other diseases, (ii) systemic bone or joint disease, (iii) regular use of anti-inflammatory analgesic, anti-anxiety, antidepressant or psychotropic drugs and (iv) missing teeth other than the third molar were excluded. The patients with TMD were composed of seven office workers, three housewives and two students; the healthy subjects comprised five office workers, three housewives, two students, one dentist and one dental hygienist.
The Ethics Committee of Showa University School of Dentistry approved the study protocol, and all the subjects provided written informed consent for participation in the study.
Electronic system and data collection
For the evaluation of the non-functional tooth contact, we designed and installed a software program to send emails regarding tooth contact to the subjects' preregistered cellular phones. The email message, which was sent off to the subject, asked the subjects whether their teeth were in contact or not when they received the email. The subjects were able to choose one of three replies (as hyperlinks): no tooth contact, tooth contact during oral functions (speaking, swallowing or chewing) or tooth contact not associated with oral functions (watching television, reading books, working, etc.). In case of non-functional tooth contact, the subjects choose one of the associated activities listed on the screen, which were hyperlinked. Each hyperlink created a blank email from a unique email address linked to a subject's cellular phone. If a subject did not click any hyperlink and send an email within 120 s, 'no reply' was recorded on the host computer. The emails were sent approximately every 20 min from 8:00 to 21:00. To avoid habituation and prevent any anticipatory behaviour, the software was programmed to add or subtract a random interval (between 0 and 9 min) from the preselected periods. Therefore, each subject received randomly sent emails 39 times daily. All the returned emails were stored on the host computer for offline analyses (Fig. 1) .
Before data collection, the study was outlined to each subject. Both patients with TMD and healthy subjects were informed that they would be asked whether their teeth were in contact or not by email during the study period, but were not informed about the possibility of associations between the non-functional tooth contact and TMDs. They were instructed how to respond to the sent emails: after receiving an email from the host computer, they were supposed to check the tooth contact condition and select the corresponding hyperlink on the phone screen. The recording session lasted for 10 days, including six weekdays and four holidays. Overall, the host computer sent 390 emails to each subject at intervals of 20 AE 9 min daily.
Stress, anxiety, depression and personality assessments
Prior to the non-functional tooth contact measurement, each subject was asked to fill out the three questionnaires, that is the Japanese Version of the Perceived Stress Scale (JPSS), the Hospital Anxiety and Depression Scale (HADS) and the Japanese version of the modified short form of the Eysenck personality questionnaire (MS-EPQ), which were then collected. Stress was assessed by using the JPSS (10): it is composed of 14 questions asking subjects to rate their stress level during the most recent month on a 5-grade scale. The HADS was used to assess anxiety and depression (11) . This screening questionnaire is divided into two subscales for anxiety and depression. Each subscale has seven questions, and the answers are scored from 0 to 3. A total score of 7 or less indicates the absence of anxiety or depression; a total score between 8 and 10 suggests a marginal condition; and a total score of 11 or more indicates the presence of anxiety and/or depression. For personality assessment, the MS-EPQ (12) was utilised. This questionnaire was developed to investigate personality disorders (neuroticism and extroversion) and asks subjects to what degree (4, markedly; 3, moderately; 2, slightly; 1, never) they agree with each of the statements regarding their personality. The scores of neuroticism and extroversion range from 6 to 24. Every subject in this study was asked to complete these three questionnaires.
Statistical analysis
The percentages of valid emails returned within 120 s, and the frequencies of non-functional tooth contact and functional tooth contact were computed for each group. The individual responses to the JPSS, HADS and MS-EPQ were also scored. The frequency of non-functional tooth contact, the frequency of functional tooth contact and the responses to the JPSS and MS-EPQ were compared between the patients with TMD and healthy subjects, using the t-test for normal distribution. The Mann-Whitney U-test was used to analyse the responses to HADS, because the healthy subject's data were not normally distributed. The paired t-test was used to compare the frequencies of non-functional tooth contact as well as the functional tooth contact recorded on weekdays and weekends in each group. The repeated-measure ANOVA was used to analyse daily and overall temporal changes in the frequencies of non-functional tooth contact and functional tooth contact. The correlations of the frequencies of non-functional tooth contact with the JPSS and MS-EPQ scores were evaluated by the Pearson's correlation coefficient, and the correlations of the frequencies of non-functional tooth contact with the HADS scores were evaluated by the Spearman's correlation coefficient. Daily activities were evaluated, and the frequencies of nonfunctional tooth contact recorded in the working state and the relaxing state were compared by paired t-test in the patients with TMD. All statistical analyses were conducted by using a software package (PASW Statistics 18*), and the alpha level was set at 0Á05.
Results
The total number of sent emails per subject was 390. The percentages of valid returned emails were 67Á6% and 73Á3% in the patients with TMD and the healthy subjects, respectively. The averaged frequency of nonfunctional tooth contact during the 10-day recording session was significantly higher in the patients with TMD than in the healthy subjects (35Á0 AE 11Á7% vs. 9Á6 AE 6Á9%; P < 0Á001), but that of functional tooth contact did not differ significantly between the groups (10Á9 AE 5Á4% vs. 13Á5 AE 7Á8%; P = 0Á358; Table 1 ). The patients with TMD had a significantly higher frequency of non-functional tooth contact than of functional tooth contact (35Á0% vs. 10Á9%; P < 0Á05); however, no such difference was found in the healthy subjects (9Á6% vs. 13Á5%; P > 0Á05). There was no significant difference between the frequencies of nonfunctional tooth contact on weekdays and holidays (35Á7 AE 13Á1% vs. 34Á0 AE 12Á4%; P > 0Á05) in the patients with TMD or between the frequencies of non-functional tooth contact on weekdays and holidays (10Á0 AE 8Á5% vs. 8Á4 AE 6Á0%; P > 0Á05) in the healthy subjects.
Regarding daily temporal changes in the non-functional tooth contact or functional contact, no significant change was found in both groups (P > 0Á05). Functional tooth contact was the most frequent at 12:00 and 19:00 in both groups (Fig. 2) .
None of the JPSS, neuroticism, extroversion, anxiety and depression scores did not differ significantly between the patients with TMD and the healthy subjects (Table 1) . Furthermore, none of the JPSS, neuroticism, extroversion, anxiety, and depression scores were significantly correlated with the frequency of non-functional tooth contact in both TMD and control groups.
Regarding daily activities, non-functional tooth contact occurred most often when 'using a personal computer (20%)' followed by 'watching television (12%)', 'doing housework (11%)' or 'working (11%)', 'boarding or riding a motor vehicle (e.g. train, bus or car; 8%)', 'walking (7%)' and 'thinking something (5%)'. When these activities were categorised into the working state, the requiring concentration (using a personal computer, doing housework, working or thinking) and the relaxing state, not requiring concentration (watching television, walking, boarding or riding a motor vehicle), the frequency of non-functional tooth contact tended to be higher while working than while relaxing (51Á4 AE 13Á9% vs. 37Á0 AE 15Á5%; P = 0Á099; Fig. 3 ).
Discussion
In this study, we found that the non-functional tooth contact was approximately 3Á6 times more common in the patients with TMD than in the healthy subjects. Surprisingly, the distribution of such tooth contact did not overlap between the groups. These findings are in line with the previous finding by Sato et al. Glaros et al. (6) had their subjects receive instructions via pagers at 2-h intervals to evaluate the frequency of non-functional tooth contact. They reported that patients with myofascial pain had more frequent tooth contact than did patients with temporomandibular joint disk displacement and healthy subjects. Chen et al. (7) conducted a more detailed analysis of non-functional tooth contact by using a radio wave-activated wrist vibrator to check tooth contact every 20 min for 10 days. The frequency of non-functional tooth contact was approximately four times higher in patients with myogenous facial pain than in healthy subjects. Although these study samples are slightly different from ours, the results of the studies are in general agreement with our finding that tooth contact even without high clenching forces may be associated with TMDs. 
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We found no significant difference in the stress levels between the patients with TMD and the healthy subjects, although other studies showed significant increase in the perceived stress level of patients with myogenous pain (7) and a significant correlation between the stress level and the TMD symptoms in patients with TMD (16). Significant intergroup differences were not found for anxiety and depression or neuroticism and extroversion either. These results are similar to those of several studies on anxiety and depression in patients with TMD that showed that the anxiety and depression status of such patients is within the normal range (5, (17) (18) (19) . Regarding the association between the stress level and the frequency of non-functional tooth contact, although this association has repeatedly been reported in the relevant literature (20, 21) , Chen et al. (7) failed to demonstrate its existence. We did not find a significant association between the stress level and the non-functional tooth contact frequency in our subjects as well. Therefore, it is premature to conclude an association between stress and non-functional tooth contact while awake.
Regarding the study limitation, it should be noted that we do not have information on duration of tooth contact and the degree of muscle contraction associated with the contact. The second limitation is possibility of interventional effect of the electronic system. Ideally, such effect should be evaluated using a gold standard method, which has been proven its validity. Unfortunately, we could not do this, because there is no such system. On the other hand, we found no significant temporal change in the frequency of nonfunctional tooth contact during the 10 recording days, which partially suggests that the interventional effect of the system during the recording session was minimum. Furthermore, all of the study subjects were using email function of their cellular phone on a daily basis, and therefore, likelihood of the emails to be a stressor is not very high. The reliability of the evaluation is also endorsed by not only the fact that the frequency of functional tooth contact increased during lunchtime and dinnertime daily but also that the frequency of the functional tooth contact did not differ between two groups. Thus, despite the methodological shortcomings, we are confident that the results have acceptable external validity.
In conclusion, within the above mentioned limitations of our study, we found the patients with TMD had 3Á6 times more non-functional tooth contact than the healthy subjects, which suggests that non-functional tooth contact might be associated with TMDs.
